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(g) Hot-swappable multi-cartridge docking module. 



(57) A docking module for removable disk drives 
provides, .in one embodiment, ~S(^6e~ for two^ 
^such disk drives within a standard „ half-height 
bay. The -docking- module" provides cammed 
insertion and renrroval together with hot swap- 
pability of disk drives. Alterative embodiments 
provide ten . or more- disk drives at a density of 
two drives per half-height bay^ 
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REUVTED APPUCATION 

This applicatton is a continuatbn-in-part of U.S. 
Patent Application S.N. 07/764.590, filed September 
24, 1991, entitled High Capacity, Low Profile Disk 
Drive System, which is incorporated herein by refer- 
ence. 

FIELD OF THE INVENTION 

This application relates to disk drives generally, 
and particularly relates to docking modules for remov- 
able disk drives. 

BACKGROUND OF THE INVENTION 

Mass storage requirements for computers have 
matured substantially since the introduction of the 
personal computer. In the current computing environ- 
ment, whether for large systems or personal comput- 
ers, typical requirements for mass storage devices 
are in the hundreds of megabytes to several giga- 
bytes. In conjunction with such mass storage require- 
ments are the data security issues which require that 
these large mass storage devices be backed up in 
one way or another to ensure that there is minimal 
loss of data even in the event of a system failure. 

There are several ways to achieve these goals. A 
conventional approach for the mass storage device is 
one or more fixed disk drives pennanently mounted 
within a chassis. A typical approach for data backup 
is a tape drive providing archival storage. In some 
high end systems, such as file servers, it is known to 
provide mirrored drives, in which two functionally 
identical drives are installed with one drive serving as 
the backup to the other drive. In many such systems, 
a tape backup is also provided to provide archival 
storage. 

There are a number of difficulties with these ap- 
proaches to mass storage and backup devices. One 
difficulty with permanently Installed drives is that, in 
the event of a failure, the entire system must be taken 
down to replace the drive; even if the system includes 
mirrored drives, it is generally not recommended to 
disconnect a permanently installed drive while the 
system is powered up. Part of the problem relates to 
the fact that the drives are installed within the cabinet, 
and are not readily accessible without substantial dis- 
assembly of the system. 

A second difficulty involves the availability of 
multiple drive bays for a system. In a conventional 
system, the number of drive bays available for mass 
storage devices can be fairly limited. While oversized 
cabinets have been built to accommodate the desire 
for multiple, large drives, the trend toward smaller, 
more compact systems is at odds with the desire for 
large storage capacities. 

A third difficulty with permanently installed drives 
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is that the capacity is limited to a specific number of 
megabytes. Even if a large capacity is initially provid- 
ed, a truism in the industry is that capacity will even- 
tually be reached. 

5 A fourth difficulty relates to problems with con- 

ventional archival storage devices. Tape backups 
generally provide inexpensive but slow data storage, 
where data retrieval times are measured in minutes 
rather than milliseconds. While this delay is not nec- 

10 essarily bad in every instance, it is certainly undesir- 
able in many applications. In addition, the accuracy of 
tape as a media is frequently in question. 

Finally, a fifth difficulty relates to portability of 
the data. Permanently installed drives offer little port- 

15 ability, and a failure of another component in the sys- 
tem using exclusively pemianently installed drives 
renders the entire system useless and the data inac- 
cessible. While tape drives offer some solution to this 
problem, the effort in reinstalling a significant amount 

20 of software from tape onto a machine not the source 
of that data frequently makes the process so slow and 
inefficient as to be unworkable. 

Removable media drives are known in the indus- 
try, and offer some limited success in overcoming a 

25 few of the foregoing limitations of conventional prior 
art systems. For example, SyQuest Technology offers 
cartridge drives in which the media can be removed 
from the remainder of the drive. While this approach 
does offer the ability to expand the capacity of a drive, 

30 the media in a SyQuest cartridge is readily exposed 
to the environment and can easily become contamin- 
ated from such exposure, rendering the cartridge 
useless. In addition, Bernoulli drives offer removable 
media, but suffer from slow access time and limited 

35 reliability. In addition, none of these devices can be 
readily hot swapped, and each of them has, historical- 
ly, taken up at least a half-height drive bay for a single 
device. Importantly, the limited storage capacity of 
these devices makes them unsatisfactory as a prl- 

40 nnary drive or, in at least a number of cases, a backup 
device. 

The assignee of the present invention has, in the 
past, offered a solution to some, but not all, of the 
foregoing limitations of Jhe^prior art. JTie^afore 

45 tionedjtl.S; Patent Application^N. 077764,593^f iled 
SepteiTiber~24,' 1991, discloses a removable disk 
drive of sufficient capacity to be installed as either a 
primary drive, a secondary drive, or a backup device. 
Moreover, the unit offers relatively fast access times, 

50 unlimited expansion of total capacity through the use 
of multiple cartridges, and shirt pocket portability. 
However, the device disclosed there did not include 
means for hot swapping of drives; that is, exchanging 
drives while the system is still operatjrig without lo ss 

55 of data, and.also^rovidesJ>rily a single cartridge per^ 
half-height bay.Jn addition, while the docking module 
provided there operates well for nr^ny users, a meth- 
od for simply ensuring that the drive is fully installed 
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or disconnected is desirable. 

As a result, there has been a need for a remov- 
able cartridge drive which innproves upon the forego- 
ing limitations of the prior art. 

5 

SUMMARY OF THE INVENTION 

, Embodiments of the present invention substan- 
tially eliminate, or at the very least improves upon, 
each of the foregoing limitations of the prior art. These io 
embodiments comprise a docking module which co- 
operates with the disk drive disclosed in U.S. Patent 
Application S.N. 07/764,590, mentioned above, to 
provide a disk drive subsystem with hot swappability, 
multiple drives in a single half-height bay, and a is 
means for positive insertion and removal of the drive. 

In particular, the drive docking module of the 
present invention, in a first embodiment, provides a 
'h~alf-height structure having two drive baysreach ca-^ 
cpable,of.receiving.a.diskxdi:iv;e^G^^ 20 
Id anc e with the 'SQO applicatiprLnoted above.^ln addi- 
tion.ji W-^state bus arrangement is provided so that 
either or both of the dual drives can be added/to the 
system or reihoved from the system without requ iring 
the rest of the system to be shut down. 25 

Further, a positive insertion and removal struc- 
ture is provided for ensuring that the drives are fully 
and correctly inserted and for simplifying the removal 
of a drive from the module. The insertion and removal 
structure cooperates with the electronics to assist in 30 
providing the hot swappability mentioned above, by 
causing power to be disconnected to the drive before 
the drive is actually disconnected from the backplane 
connector of the drive module. 

In other embodiments of the present invention, 35 
various arrangements are shown in which a number 
of drives can be inserted into a docking module con- 
structed in accordance with the present invention. In 
particular, these other arrangements allow for two 
such drives per half-height bay, but are several such 40 
bays high, allowing for as many as ten or more such 
disk drives within a single docking module. These 
configurations are particularly suited to RAID appli- 
cations. 

Thus embodiments of the present invention pro- 45 
vide a docking module which provides hot swappabil- 
ity of a disk drive within a computer system. 

Embodiments of the present invention also pro- 
vide a docking module having the capacity for multi- 
ple thin disk drives within the space of a half-height 50 
bay. 

Embodiments of the present invention also pro- 
vide a docking nfK)dule capable of supporting a plur- 
ality of disk drives at a density of at least two drives 
per half-height bay. 55 

In addition, embodiments of the present inven- 
tion provide a means for positive insertion and remov- 
al of a disk drive from a bay within a docking module. 



These and other embodiments of the present in- 
vention may be better appreciated by the following 
Detailed Description of the Invention, taken together 
with the attached Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows in perspective view a two drive 
docking module embodying the present invention. 

Figure 2 shows in exploded perspective view the 
two drive docking module of Figure 1. 

Figures 3A and 3B show in top plan view the 
docking module of Figures 1 and 2, and in particular 
show the relationship between the door and the slide 
in the open and closed positions, respectively. 

Figure 4 shows in cross-sectional side view the 
docking module of Figures 1-3 taken along the line A- 
A of Figure SB. 

Figure 5 shows in detail view the relationship be- 
tween the end of the slide, the disk drive and the opt- 
ical switch. 

Figure 6 shows in schematic block diagram form 
the circuitry for providing hot swappability of the drive 
of Figure 1. 

Figures 7A-7B show an alternative embodiment 
of a docking module for use with five drives. 

Figure 8 shows an alternative embodiment of a 
docking module for use with ten drives. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

Referring now to Figures 1 and 2, a half- height 
dockihglffodule l Ordesigned to b^^ 
thousing-such as a computer chassis or an external y 
housing (not shown)f includes a pair of doors 20A-B 
in'a bezel 30. When either door 20 is opened a slot 
40 suitable for receiving a disk drive 50 constructed 
in accordance with U.S. Patent Application S.N. 
07/764.590, filed September 24, 1991 and commonly 
assigned with the present application, is exposed. 
The drive 50 is inserted through the door into a pair 
of guides 60A and 60B, which are supported by a 
housing 70 enclosed at the top by a cover 72. The 
housing 70 supports, at the back thereof, a printed cir- 
cuit board 80. The guides 60A-B extend from the door 
20 to the printed circuit board 80, on which are con- 
nectors 90 A- B designed to mate with a connector 92 
on the abutting part of the drive 50 to provide power 
to the drive and communications between the PCB 
80. a conventional host system (not shown) and the 
drive 50. 

Each of the doors 20A-B connects to an associ- 
ated slide 100 by means of a link 110, held in place 
by pins 112. The slide 100 in turn moves within a slot 
120 in the leftguide 60A. Atab 122, positioned slightly 
near but not quite at the end of the slide 100. extends 
out from the slide sufficiently to engage the drive 50 
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when the associated door 20 is opened, as will be ap- 
preciated in greater detail hereinafter. A lock 124 may 
be provided to engage a tab on the doors 20 to pre- 
vent unauthorized removal of the drives 50. 

As best seen from Figure 2. the printed circuit 5 
board 80 may be better appreciated. In addition to the 
connectors 90A-B, an optical switch 130 comprised of 
an LED/photosensor pair may be seen near the end 
of each of the slides 100. When the door 20 is fully 
closed and a drive 50 is fully installed within the dock- io 
ing module 10, the back end 140 of the slide 100 will 
extend between the LED and its associated photo- 
sensor. As will be appreciated hereinafter in connec- 
tion with Figures 5 and 6, the optical switch 130 is ac- 
tuated by a slight forward movement of the slide 100 is 
caused by the initial opening of the door, and before 
the tab 1 20 engages the drive 50 sufficiently to cause 
the connector on the back of the drive 50 to be dis- 
connected from the connector 90 on the PCB 80. In 
this manner the drive 50 may be electrically discon- 20 
nected from the host system bus prior to any physical 
disconnection. 

Similarly, it will be appreciated that, when the 
drive 50 is inserted through the slot 40 and into the 
guides 60 A- B, pushing on the door 20 gently forces 25 
the drive 50 into the connector 90 on the PCB 80. Mo- 
mentarily after that connection is made, continued 
movement of the door 20 causes the end of the slide 
100 to be inserted between the LED and photosensor 
of the optical switch 130. This, in turn, allows the host 30 
system to recognize the installation of the drive 50. It 
will be appreciated that, when the drive is fully instal- 
led in the preferred embodiment, the door closes and 
no components protrude beyond the doors. 

Referring next to Figures 3A-B and 4, which 35 
show, respectively, the top plan view of the docking 
module 10 and a cross-sectional side view thereof 
taken along lines A-A in Figure 3B, the arrangement 
of the drive 50 within the docking module 10 may be 
better appreciated. In particular, the upper door 20A 40 
is shown partially open with the associated slide 100 
moved forward so that the tab 120 engages the as- 
sociated drive 50 and causes it to be disconnected 
from the PCB 80 at connector 90. In contrast, lower 
door 20B Is shown fully closed with its associated 45 
drive 50 fully installed and a connector 92 on the drive 
50 mated with the connector 90. and its associated 
slide 100 fully extended into the opening in optical 
switch 130. 

With particular reference to Figures 3A-B, the so 
camming operation of the door 20 with the slide 100 
may be better appreciated. The end of the door 20 to 
which the slide is connected may be seen to include 
a cam surface 1 02, where the pin 1 1 2 connects to one 
end of the link 110. A second pin 104 may be seen to 55 
connect the other end of the link 1 10 to the slide 100. 
A third pin 106 connects the end of the cam surface 
102 to the bezel 30. so that rotation of the door 20 



about the pin 106 causes the slide to be pushed back 
or pulled forward. A protrusion 108 on the back sur- 
face of door 20 provides pressure against the drive 50 
to urge the drive Into the connector 92. 

By appropriate configuration of the cam surface 
102. the protrusion 108 and the door 20. a significant 
mechanical advantage can be provided for urging the 
connector 92 on the disk drive 50 into a mating posi- 
tion with the connector 90 on the PCB 80. Likewise, 
the tab 122 on the end of the slide 100 cooperates 
with the door 20 and the cam surface 102 to provide 
a mechanical advantage in ejecting the drive from the 
connector 90. 

In a presently preferred embodiment a mechani- 
cal advantage of approximately 10:1 is provided. This 
allows use of connectors 90 and 92 with a relatively 
high retentive force while at the same time providing 
the user with relatively easy insertion and removal. 

With reference next to Figure 5, the cooperation 
of the slide 100 with the optical switch 130 and drive 
50 may be better appreciated. In Figure 5. slide 100 
is shown with tab 120 juxtaposed against the back 
edge of drive 50 with connector 92 inserted into con- 
nector 90A. while slide end 140 has not yet engaged 
optical switch 130. The importance of this feature will 
be better appreciated in connection with Figure 6. but 
it is important at this point to recognize that, on inser- 
tion of the drive, electrical contact is made at connec- 
tor 90A. which supplies power and data signals to the 
drive 50. prior to actuation of optical switch 130. Sinrv 
ilarly. on drive removal, optical switch 130 or its func- 
tional equivalent is disengaged before the drive is ac- 
tually removed from the connector 90A. 

Referring next to Figure 6. the operation of the 
PCB 80 may be better understood. Including the ca- 
pability in the present invention for adding and remov- 
ing drives while the host system is operating, or what 
has been referred to herein as "hot swappability." 
This feature Is particularly helpful in implementing 
RAID drive arrays. More particularly. Figure 6 shows 
in schematic block diagram form the circuitry imple- 
mented on PCB 80. While the circuitry shown in Fig- 
ure 6 is directed to disk drives using the AT or IDE In- 
terface, it will be appreciated by those skilled in the 
art that, given the teachings herein, other interfaces 
could readily be used. As will be appreciated in great- 
er detail hereinafter, the basic function of the circuitry 
of Figure 6 is to isolate the IDE Interface by means of 
a series of FET switch arrays when a drive is not fully 
installed in a slot with the door closed, although other 
means can be used to accomplish the necessary ob- 
jectives, as will be discussed hereinafter. 

The circuitry of Figure 6 includes a bus connector 
200 for connection to the IDE bus of the host system 
(not shown) in a conventional manner. In contrast, 
each of two disk drives connects to either connector 
90Aor 908. For purposes of this discussion, connec- 
tor 90A will be defined as the master connector, while 
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connector SOB will be defined as the slave connector, 
as required by the CSEL signal 202A being tied low 
for the master and CSEL signal 202B tied high for the 
stave connector. In the typical embodiment the drive 
50 inserted in each slot will sense the associated vol- 5 
tage and assume the appropriate role. Alternatively, 
the master/slave relationship can be defined in the 
drive itself, so that a drive is defined as a master or 
slave regardless of the slot into which it is inserted. 

As discussed in connection with Figures 1 and 2, io 
each slot has associated with it an optical switch 130. 
For purposes of simplicity, insertion of a drive 50 into 
the master slot will be explained; insertion of a drive 
into the slave slot involves identical components and 
operates in the same way. is 

The installation of a drive 50 involves cooperation 
between the mechanical components of the docking 
module and the circuitry of Figure 6. As a drive 50 is 
inserted by closing the door 20, the connector 210 on 
the back of the drive 50 makes connectton with the as- 20 
sociated connector 90A. This causes power to be ap- 
plied, and the drive starts to spin up. As the door con- 
tinues to close, the optical switch 130 opens and en- 
ables associated FET switch arrays 204 and 206 
through a pair of buffers 208A-B. In the event the door 2S 
is closed but no drive is installed, the optical switch 
130 will not open because the ground path for the 
switch 130 is through the drive 50. 

When FET switch arrays 204 and 206 dose, the 
signals HDO through HD15 are connected from the 30 
bus connector 200 to the drive connector 90A and 
thence to the drive 50. The FET switch arrays shown 
comprise eight switches each, and so eight HD sig- 
nals are switched by each array, necessitating two 
switch arrays for a sixteen bit bus. However, it will be 35 
apparent that different sizes of arrays may be used, 
and different bus widths may be accommodated as 
appropriate for the host system. 

The data returning from the drive 50 to the host 
bus is buffered by means of a permanently enabled 40 
register, for example a 74HCT541DW. In this manner 
the outputs of the drive cannot corrupt the data on the 
host system bus. While such protection from data cor- 
ruption may not be required in all instances, in some 
embodiments of the invention it is difficult to predict 45 
the initial state of many of the signals, and thus such 
protection is a good design practice. It will be appre- 
ciated, given the foregoing teachings, that the funda- 
mental steps in installing a drive are first, the applica- 
tion of powen second, connection of the drive signals 50 
to the host bus; and third, the installation of the drive 
is sensed, to cause the tri-state buffers to connect the 
drive to the bus. 

Once the drive is installed into the system, the 
system recognizes the drive in the conventional man- 55 
ner, with the exception that the device driver always 
assigns a drive letter to a slot, whether or not a disk 
is present. The device driver further provides a soft- 



ware interrupt looking for a drive to be installed in an 
empty slot. Once a drive is detected by the system, 
the software interrupt causes the device driver to do 
a Drive Inquiry command. The drive 50 responds with 
its configuration of heads, cylinders and sectors, 
which allows the IDE interface from the host to ad- 
dress it. The system then can automatically address 
the drive and its data without rebooting. 

During operation, the drive 50 operates as a con- 
ventional drive. When the user desires to remove the 
drive, the door 20A is opened, causing the end 140 of 
the slide 120 to nnove out of the optical switch 130. 
This opens the FET switch arrays 204 and 206, dis- 
connecting the drive 50 from the host system bus. 
The drive is then physically disconnected from the 
connector 90A, causing the drive to power down in a 
conventional manner. 

Removal of the drive is essentially the reverse of 
installation. Opening the door causes the optical 
switch to open, which opens the FET switch arrays 
204 and 206. The tab 1 22 then begins to pull the drive 
50 out of the connector, and eventually disconnects 
power to the drive. At this point the bus is fully tri-stat- 
ed, so that no data corruption occurs. Those skilled 
in the art will recognize that it is not necessary in all 
instances to provide tri-state buffers for the bus at the 
connector 200, although such a design is preferred in 
the exemplary embodiment described herein. In 
some instances it may be desirable to eliminate the 
FET switches and control the bus signals either di- 
rectly from the drive or in another suitable manner. 

Additionally, in some embodiments it may be pre- 
ferable to provide a power-up delay between the time 
power is applied to the drive and the time the bus is 
enabled, to allow the drive to spin up and reach a sta- 
ble state before the bus is enabled. In still other em- 
bodiments, it may be desirable to eliminate the optical 
switch 130. This can be accomplished in numerous 
ways, one of which is to use multi-sense pins on the 
connector 92. By using pins of three different lengths, 
with the power supply pins being longest, the bus pins 
being shorter, and the drive output pins the shortest, 
the power supply connection is made first, with the re- 
maining connections being made at appropriate sut>- 
sequent times. 

Another alternative may include providing a data 
register into which data from a device driver may be 
written to the host system to allow additional control 
of docking module features. The register would typi- 
cally be addressable at a free I/O location under the 
IDE (or alternative interface) address space, and 
could be configured to lock and unlock a solenoid to 
prevent or enable removal of the cartridge; provide 
LED status to indicate drive availability; enable or dis- 
able a Write Protect or Read Protect Bit, for security 
purposes; or enable a solenoid or other device for au- 
tomated ejection of a drive 50. Other aspects which 
may be controlled by appropriate device drivers in- 
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elude Rush Write Cache. Spin Down, Tri-State Bus. 
and so on. 

Referring next to Figures 7A-7B. an alternative 
embodiment to the design of Figure 1 and 2 may be 
better understood. Figure 7A is a side elevational 5 
view of a docking nrnxlule 300 capable of holding five 
drives 50; Figure 78 is a front view of the same mod- 
ule; each has certain Internal components shown for 
clarity. 

Referring next to Figure 8, a docking module 400 io 
capable of holding ten removable disk drives 50 at a 
density of two drives per half-height bay is shown In 
side elevational view with certain elements revealed 
through the chassis. 



Claims 



1. A docking module for use with removable disk 
drives comprising: 20 

a housing member having a plurality of 
slots therein, each slot configured to receive a re- 
movable disk drive; 

a door rotatabty mounted within the hous- 
ing and configured to serve as a lever ami; 25 

a slide mounted within the housing and 
connected to the door so that rotation of the door 
causes at least a portion of the slide to move for- 
ward and back within the housing; 

connection means for electrically connect- 30 
ing the removable disk drive to a host; and 

engagement means for urging the disk 
drive Into the connection means when the door is 
closed, and urging the disk drive out of the con- 
nection means when the door is opened. 35 

2. A method for providing hot swappablllty of disk 
drives comprising: 

establishing a tri-state condition on a bus; 
detecting the Insertion of a disk drive; 40 
supplying power to the disk drive; and 
removing the tri-state condition by con- 
necting the bus to the disk drive. 

3. A docking module for use with removable disk 45 
drives comprising: 

a housing having at least two slots, each 
capable of receiving internally therein a drive 
having a nominal width of 4 inches, a nominal 
depth of 5.75 inches, and a nominal height of one- so 
half inch; 

at least two doors for Insertion of remov- 
able disk drives; and 

connectton means for connecting the disk 
drives to a host system. 55 
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